High kinesin family member 11 expression predicts poor prognosis in patients with clear cell renal cell carcinoma AbsTrACT Aims Kinesin family member 11 (Kif11) is a member of the kinesin family motor proteins, which is associated with spindle formation and tumour genesis. In this study, we investigated the relationship between Kif11 expression and clear cell renal cell carcinoma (CCRCC) development. Methods The relationship between Kif11 expression and CCRCC development was analysed by quantitative real-time (qRT)-PCR analyses, and tissue immunohistochemistry. The prognostic significance of Kif11 expression was explored by univariable and multivariable survival analyses of 143 included patients. Furthermore, SB743921 was used as a specific Kif11 inhibitor to treat 786-O cells with the epithelial to mesenchymal transition (EMT) process analysed by qRT-PCR, and cell survival rates analysed with Annexin V-FITC/PI staining followed by flow cytometric analyses. Disease-free survival curves of Kif11 with different cancers and the relationships between Kif11 and the von Hippel-Lindau disease tumour suppressor gene (VHL), and proliferating cell nuclear antigen (PCNA) in kidney cancer were further analysed using the GEPIA database. results The levels of Kif11 mRNA were significantly higher in CCRCC tissues compared with corresponding non-cancerous tissues. The results of immunohistochemistry demonstrated that the expression of Kif11 protein was significantly associated with clinicopathologial parameters, including nuclear grade and TNM stage. The Kaplan-Meier survival curve indicated that high Kif11 expression, nuclear grade and TNM stage were independent factors to predict poor prognosis in patients with CCRCC. In addition, inhibition of Kif11 expression by SB743921 suppressed cell proliferation, migration and the EMT process with increased apoptosis rate. Conclusions These results combined with bioinformation analyses suggest that high Kif11 expression was associated with unfavourable prognosis in CCRCC and could be used as a potential prognostic marker in the clinical diagnosis of CCRCC.
InTrOduCTIOn
More than 63 000 Americans were diagnosed with renal cancer and nearly 14 000 died of this disease in 2017. 1 Clear cell renal cell carcinoma (CCRCC), which accounts for approximately 90% of renal neoplasms and 3% of adult malignancies, is the most common pathological type of renal cancer. 2 According to the National Central Cancer Registry of China, new cases of CCRCC have reached 6 68 000 and 2 34 000 patients have died of this disease. Traditional clinical treatment for renal cancer usually consisted of symptomatic treatments, such as chemotherapy, interferon therapy, interleukin therapy and nephrectomy. 3 However, even following curative nephrectomies, over 20% of patients with CCRCC would experience recurrence within 5 years. 4 In recent years, breakthroughs in cancer treatments have resulted from improved tumour diagnosis and treatment methods. Various methods have been used to optimise the prognostic factors of CCRCC and other cancers. Traditionally, the tumour grade, Eastern Cooperative Oncology Group performance status (ECOG PS), and tumour necrosis were determined to be classic clinicopathological prognostic factors. 5 In genetics, mutation of the von Hippel-Lindau disease tumour suppressor gene (VHL) was thought to be associated with a more favourable prognosis. 6 Despite remarkable advances in the diagnosis and treatment of cancer, the clinical outcomes of patients with CCRCC remain unsatisfactory. Following tumour metastasis, the prognosis for patients with CCRCC is markedly poor, although immunotherapy and targeted agents could partially improve survival rates. It is therefore crucial to optimise novel biomarkers for CCRCC to predict which patients are likely to develop disease recurrence after nephrectomy surgery.
Kinesin family member 11 (Kif11; also known as Eg5, Kinesin-5, kinesin spindle protein or KSP) is a plus-end-directed motor localised to interpolar spindle microtubules and to the spindle poles. [7] [8] [9] [10] Kif11 plays essential roles in the formation of bipolar spindle and maintenance in the early prometaphase during mitosis. 11 12 Several studies have evaluated the correlation between Kif11 expression and clinicopathological characteristics in various malignancies such as prostate cancer, 13 breast cancer, 14 malignant pleural mesothelioma, 15 pancreatic cancer, 16 laryngeal squamous cell carcinoma 17 and gastric cancer with intestinal mucin phenotype. 18 In this study, our goal was to confirm the expression of Kif11 in CCRCC tissues and corresponding non-cancerous tissues, and to further determine whether Kif11 could be used as a prognostic marker for patients with CCRCC with specific Kif11 inhibition treatments and bioinformation analyses. The mRNA levels of Kif11 in fresh cancer and corresponding non-cancerous tissues were detected by quantitative real-time (qRT)-PCR while the location of Kif11 expression was detected by immunohistochemistry (IHC) analyses. In addition, the correlations between Kif11 protein expression levels and clinicopathological parameters of patients with CCRCC were evaluated. Furthermore, 786-O cells, one of the typical CCRCC cell lines (including ACHN, Caki-1, Caki-2, A498 and 786-O), were chosen and treated with SB743921, a Kif11-specific inhibitor. The epithelial to mesenchymal transition (EMT) process was analysed with qRT-PCR, and cell survival rates were analysed with Annexin V-FITC/ PI staining followed by flow cytometric analyses according to previous studies of the CCRCC cell model. 19 20 To further confirm the role of Kif11 in clinical cancer development, the disease-free survival curves of Kif11 with different cancers were further analysed using the GEPIA database.
MATerIAls And MeThOds

Patient specimens
Thirty pairs of fresh CCRCC tissues and corresponding non-cancerous tissues (normal adjacent kidney tissue, ~5 cm distance from the cancer tissues) were collected from the department of pathology, Affiliated Hospital of Nantong University. Simultaneously, a total of 143 paraffin-embedded CCRCC tissue samples and the matched non-cancerous tissue samples were collected from the department of pathology, Affiliated Hospital of Nantong University, between August 2009 and April 2013.
All diagnoses were validated by two pathologists in the department, according to the latest WHO criteria. None of the included patients received radiotherapy or chemotherapy before surgery. Each included patient signed a written informed consent for this study before our research started. The study protocol was approved by the ethics committee of the Affiliated Hospital of Nantong University and all experiments were performed in accordance with the university's approved guidelines.
qrT-PCr analyses
Thirty pairs of fresh CCRCC tissue samples and corresponding adjacent tissue samples were used for the qRT-PCR analyses. Total RNA was extracted from tissues with Trizol (79306, Gibco) and cDNA was synthesised with commercial kits (PrimeScript RT reagent Kit with gDNA Eraser, RR047A; TaKaRa, China). Amplifications were performed in an AB Verti96 well thermal cycler or a Thermo Pikoreal96 using commercial kits (Premix Taq, TaKaRa) and specific synthesised primers. The ubiquitously expressed β-actin gene was used as an internal control. All experiments were performed in triplicate.
The specific primers for Kif11 were as follows: forward primer 5'-GAACAATCA TTAGCAGCAGAA-3' and reversed primer 5'-TCAGTATAGACACCA CAGTTG-3'. The β-actin gene was used as an internal control, and the specific primers for β-actin were as follows: forward TAATCTTCGCCTTA-ATACTT, reversed AGCCTTCATACATCTCAA. The relative Kif11 mRNA expression was calculated using the 2 -ΔΔCt method.
IhC analyses
A total of 143 CCRCC tissue samples and corresponding adjacent tissue sample paraffin sections were deparaffinised with xylene and rehydrated in graded ethanol (100%-95%-85%-75%), then washed with phosphate-buffered saline solution (PBS, 0.01 M, pH 7.0). Antigen retrieval was achieved by boiling under pressure in citrate buffer (0.01 M, pH 6.0). The non-specific bindings were blocked through incubation with 5% goat blocking serum (Solarbio, SL039) in PBS solution for 30 min at 37℃. All paraffin sections were incubated with rabbit polyclonal anti-Kif11 antibody (1:200, Abcam, ab61199) and subsequently with goat anti-rabbit HRP secondary antibody (ZSGB-BIO, ZDR-5306). The IHC analyses for proliferating cell nuclear antigen (PCNA) (1:200, Abcam, ab18197) was performed at the same time under the same conditions. For a colour reaction, sections were incubated with DAB substrate chromogen solution (Solarbio, DA1010) for 8 min. Subsequently sections were counterstained with hematoxylin solution.6 Immunostained sections were scored by two independent pathologists under blinded experimental conditions according to intensity and percentage of Kif11-positive cells under light microscope (Axio imager A2, Zeiss). The intensity of Kif11-positive cells was scored as follows: 0 (negative), 1 (weak), 2 (moderate) and 3 (strong intensity). The percentage of Kif11-positive cells was scored as follows: 0 (no cytoplasm expression), 1 (1%-25% positive tumour cytoplasm), 2 (26%-50% positive tumour cytoplasm), 3 (51%-75% positive tumour cytoplasm) and 4 (76%-100% positive tumour cytoplasm). The multiplication of the intensity and percentage scores led to the final Kif11 staining score and was defined as follows: a staining score less than 6 was considered as low expression, while a staining score of 7 or more was considered as high expression, in accordance with other reported studies. 21 Using these definitions, two independent pathologists, with no knowledge of the clinical/pathological parameters or the outcome for included patients in our research, reviewed the scores in each specimen. Inter-observer differences were resolved by consensus review using a double-headed microscope after independent review.
Cell cultures
Human kidney cancer cells (786-O) were cultured in RPMI 1640 medium (22400089, Invitrogen, China) containing 10% fetal bovine serum (FBS; 10099141, Invitrogen) and 100 U/mL penicilin/strapmycin antibotic (P/S, 15070063, Invitrogen) at 37°C in a cell incubator with a humidified atmosphere containing 5% CO 2 .
Kif11 inhibitor assay
To compound inhibitor against Kif11 (SB743921; Selleck, S2182). These cells were collected and used for the following analyses.
Wound healing assay
The wound healing assay was used to measure the migration ability of 786-O cells. After SB743921 treatments, a wound was made by scratching with a plastic pipette tip followed by washing twice with PBS solution to remove cellular debris and non-adherent cells. Then the cells were incubated with growth medium for 24 hours. Cells migrated into the wounded empty space, and photographs were taken at 0 and 24 hours after wounding.
Cell proliferation assay
CCK-8 assay was performed with the aim of estimating the proliferative ability of 786-O cells with SB743921 treatment. A 96-well plate (Corning) was used, with 5 × 10 3 786 O cells per well. At 0, 24, 48 and 72 hours after seeding, 10 µL CCK-8 solution (Solarbio, CA1210, China) was added to each well, followed by incubation for 1 hour at 37 °C in a humidified incubator containing 5% CO 2 . Finally, the optical density at 450 nm of the 96-well plate was detected with Multiskan GO (Thermo Scientific).
eMT process analyses
After treatment for 72 hours, the EMT process was analysed by qRT-PCR. Total RNA was extracted from cells with Trizol reagent (Invitrogen), according to the manufacturer's instructions. Reverse transcription was conducted with PrimeScript reagent kit with genomic DNA earser (RR047A, TaKaRa) on the basis of the manufacturer's protocols. qRT-PCR was carried Overall survival rate in patients with CCRCC and nuclear grade G3-4 was statistically higher than that in patients with CCRCC and nuclear grade G1 and G2. (C) Overall survival rate in patients with CCRCC and TNM stage Ⅲ+Ⅳ was statistically higher than that in patients with CCRCC and TNM stageⅠ and Ⅱ.
out with SYBR prime script RT-PCR kits (TaKaRa) based on the manufacturer's instructions.
The levels of E-cadherin, Vimentin, ZEB-1 and Kif11 mRNA were separately calculated with the 2 −ΔΔCt method, which were normalised to that of β-actin mRNA. All assays were conducted in triplicate. The primers of E-cadherin, Vimentin and ZEB-1 mRNA were as follows.
E-cadherin
Forward CCCT TCAC AGCA GAAC TAACA, Reversed TTGGGTTGGGTCGTTGTA.
Vimentin
Forward AATGACCGCTTCGCCAAC, Reversed CCGCATCTCCTCCTCGTAG.
ZEB-1
Forward CCTG TCCA TATT GTGA TAGAGGC, Reversed ACCCAGACTGCGTCACATGT.
Flow cytometric analyses of cell apoptosis rate
After the SB743921 treatment for 24 hours, the cells were harvested and the early apoptosis rate was detected by FACS with Annexin V-FITC apoptosis detection kits (Cwbiotech, CW2574, China) with the manufacturer's instructions.
Comparison of Kif11 gene expression level in different cancers
GEPIA (http:// gepia. cancer-pku. cn/ index. html) is a newly developed interactive web server that analyses the RNA sequencing expression data of 9736 tumours and 8587 normal samples from The Cancer Genome Atlas (TCGA) and the Genotype Tissue Expression (GTEx) projects with a standard processing pipeline. 21 GEPIA provides customisable functions such as tumour and normal differential expression models and Kif11 expression could be demonstrated for different cancers such as adrenocortical carcinoma (ACC), bladder urothelial carcinoma (BLCA), kidney chromophobe (KICH), kidney renal papillary cell carcinoma (KIRP), sarcoma (SARC), liver hepatocellular carcinoma (LIHC), pancreatic adenocarcinoma (PAAD), brain lower grade glioma (LGG) and uveal melanoma (UVM). In addition, the relationships between Kif11, PCNA and VHL in kidney renal clear cell carcinoma (KIRC) were further detected by the GEPIA database.
statistical analysis
The expression levels of Kif11 mRNA in fresh CCRCC tissues and corresponding adjacent tissues were calculated by the Wilcoxon signed-rank non-parametric test. Pearson's χ 2 was used to examine the correlations between Kif11 protein expression and clinicopathological parameters. The Kaplan-Meier and log-rank tests were performed to calculate the survival curves. Factors of prognostic significance in the univariable analyses were further analysed by the multivariable Cox regression model. For all tests, p values less than 0.05 were considered significant. All statistical work was analysed by the Statistical Package for the Social Sciences software (SPSS, IBM, version 19.0).
resulTs
Kif11 mrnA expression in CCrCC tissues by qrT-PCr analyses
The mRNA expression levels of Kif11 were detected by qRT-PCR analyses in 30 pairs of CCRCC tissues and corresponding adjacent tissues. Compared with the transcript levels in adjacent tissues, the transcript levels of Kif11 mRNA were 
Original article
location and expression of Kif11 protein in patients with CCrCC using IhC analyses
The IHC analyses were performed to determine the protein location and expression of Kif11 in CCRCC tissues and adjacent tissues. As shown in figure 2 , the location of Kif11 expression was detected primarily in the cytoplasm of CCRCC tissues. 
Correlations between Kif11 protein expression and clinicopathological attributes of patients with CCrCC
The correlations between Kif11 protein levels and clinicopathological attributes of patients with CCRCC were investigated and are shown in table 1. Higher expression of Kif11 was 
high Kif11 protein expression predicts poor prognosis in patients with CCrCC
Subsequently, the univariable analyses were conducted to evaluate the Kif11 protein expression and clinicopathological factors of patients with CCRCC. The results showed that high expression levels of Kif11 (HR=4.592, p=0.001), nuclear grade (HR=2.839, p<0.001) and TNM stage (HR=2.571, p<0.001) were significantly associated with poor overall survival of patients with CCRCC (table 2) . These prognostic factors were further evaluated by multivariable Cox proportional hazards regression model analyses. With the Kaplan-Meier analysis, high Kif11 expression (HR=2.782, p=0.022), nuclear grade (HR=2.432, p<0.001) and TNM stage (HR=2.320, p=0.001) were all independent prognostic markers of poor 5-year overall survival (table 2) . Patients with CCRCC with high expression of Kif11 protein had significantly shorter overall survival compared with those with low or no Kif11 expression ( figure 3 ).
Growth inhibition in kidney cancer cells by specific inhibition of Kif11 expression
To confirm the effect of Kif11 expression on kidney cancer cells, 786-O cells were treated with SB743921. The results of CCK8 showed that inhibition of Kif11 expression with SB743921 significantly decreased the proliferation rates of 786-O cells in a dose-dependent manner ( figure 4A) . To elucidate the effect of Kif11 on kidney cancer cell apoptosis, we further performed FACS after SB743921 treatments. The results of Annexin V assay showed that inhibition of Kif11 expression significantly increased the early apoptosis rate in 786-O cells ( figure 4B ).
The migration results showed that with the inhibition of Kif11, the migration abilities of 786-O cells significantly decreased ( figure 4C ). The EMT process was further analysed. After 72 hours of incubation with SB743921, the results of qRT-PCR showed that the EMT process significantly decreased in a dose-dependent manner with SB743921 treatments (figure 5). The results showed that the E-cadherin mRNA relative expression levels significantly increased (p<0.05) with Vimentin and ZEB-1 mRNA relative expression levels significantly decreased (p<0.05). Meanwhile, the Kif11 mRNA relative expression levels significantly decreased in a dose-dependent manner with SB743921 treatments (p<0.05). Original article Figure 6 High expression of kinesin family member 11 (Kif11) was correlated with poorer prognosis in different cancers. Overall survival rates in patients with ACC, BLCA, KICH, KIRP, SARC, LIHC, LGG, PAAD and UVM with high expression levels of Kif11 protein (red line) were statistically lower than those in patients with low and no Kif11 expression (blue line). ACC, adrenocortical carcinoma; BLCA, bladder urothelial carcinoma; LGG, brain lower grade glioma; KICH, kidney chromophobe; KIRP, kidney renal papillary cell carcinoma; LIHC, liver hepatocellular carcinoma;PAAD, pancreatic adenocarcinoma; SARC, sarcoma; TPM, transcripts per kilobase of exonmodel per million mapped reads; UVM. uveal melanoma. 
survival analyses of target gene
dIsCussIOn
To our knowledge, the management of CCRCC remains a therapeutic challenge for renal diseases because of its late presentation and resistance to chemotherapy. 22 For patients with local disease, surgical resection represents the only curative treatment modality. However, more than 30% of patients who undergo resection of localised disease still present with recurrence, metastasis or experience progression. 23 Consequently, significant attention has been directed to the optimisation of novel prognostic markers, which can be related to tumour recurrence and progression to predict prognosis of patients with CCRCC.
Unlike most other kinesins characterised thus far, full-length Kif11 is a homotetrameric, bipolar protein composed of four identical motor domains, with two motor domains at each end of a rod. 8 Three of the Kif11 domains are assigned with the roles of kinesin function differentiation 7 and the N-terminal globular motor domain performs the functions of microtubule binding and nucleotide hydrolysis. Variations in sequence in the tail, interrupted coiled-coil region, and neck-linker/cover neck 24 reduced transport of neurotrophin and neurotransmitter receptors to the cell surface. 26 Kif11 has been implicated in tumourigenesis and Kif11 inhibitors such as monastrol and ispinesib have been successfully used in clinical treatment. 27 Dimethylenastron, one of the Kif11 inhibitors, effectively inhibited tumour cell proliferation and induced apoptosis of pancreatic cancer cells in nude mouse xenografts via the c-Jun NH2 kinase pathway. [28] [29] [30] The loss of Kif11 activity by mutation, 31 immunodepletion, 32 inhibition 33 or by RNA interference 34 could result in spindle assembly defects, cell cycle arrest and apoptosis, which leads to cell death. 8 35 Moreover, transgenic mice with overexpressed Kif11 expression exhibited high tendencies to develop different malignancies. 36 The above results indicate that Kif11 may act as an oncogene during cancer development.
In this study, expression levels of Kif11 in CCRCC tissue samples and matched non-cancerous samples were detected with the observation that Kif11 mRNA and protein levels were significantly higher in CCRCC tumour tissues than those in the corresponding adjacent non-cancerous tissues, which is consistent with previous studies. 37 In our study, high Kif11 protein levels were associated with poor overall survival in patients with CCRCC, which indicates that the Kif11 protein level may be used as an independent clinical marker in predicting unfavourable prognosis.
Different expression locations of Kif11 in tumours or cell lines, such as nuclear or cytoplasmic, 30 have been reported. We mainly observed the cytoplasmic expression of Kif11 in CCRCC tissues, and rarely detected the nuclear expression of Kif11 in CCRCC tissues. We suggest that these differences are probably due to the differences in tumour types, antibodies and fixation fluid used.
Kinesin inhibitors have been shown to exhibit strong antitumour activities 38 39 with many clinical studies of kinesin inhibitors ongoing. In our study, SB743921 was selected as a Kif11 inhibitor with the inhibition of the ATPase activities of Kif11. 21 40 Our results showed that SB743921 decreased the proliferation of 786-O cells with subsequent apoptosis and inhibition of the EMT process. Targeting KIF11 with small molecule inhibitors, such as SB743921, may be a powerful approach for kidney cancer treatment.
Future studies that include larger numbers of tumour samples, different CCRCC cell lines or transgenic mice are necessary to further investigate the role of Kif11 in CCRCC tumour biology. Taken together, we analysed the Kif11 expression in CCRCC and demonstrated that Kif11 is involved in CCRCC development. The findings indicate that Kif11 may act as an oncogene during CCRCC development and Kif11 could be identified as a novel prognostic biomarker in CCRCC clinical treatment.
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